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[57] ABSTRACT

The invention relates to a process for making a foamed
polymer. The process involves (a) dispersing thermally
degradable solid particles in polymer precursor; (b)
crosslinking the polymer precursor to form a rigid,
crosslinked polymer without degrading the particles; and ()
heating the polymer to degrade the particles and form the
polymer foam.

4 Claims, No Drawings
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PROCESS FOR MAKING A FOAMED
POLYMER

FIELD OF THE INVENTION
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closed in U.S. Pat. No. 5,441,690, the disclosure of which is
incorporated herein by reference for all purposes. Suitable
precursors for polysiloxane are siloxane monomers or oli-
gomers with reactive end groups such as vinyl, hydroxy,

The present invention relates to a process for making a > alkynyl or acetoxy end groups.

foamed elastomeric polymer for use as a dielectric in
electronic components. |

BACKGROUND OF THE INVENTION

There is a continuing desire in the electronics industry to
increase the circuit density in electronic components, e.g.,
circuit boards, multichip module chip test devices, and the
like without degrading electrical performance (e.g.,
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crosstalk) and also to increase the speed of signal propaga-

tion in these components. One method of accomplishing
these goals is to reduce the dielectric constant of the poly-
meric insulator used in the components. A method for

reducing the dielectric constant of a polymeric insulator is to -

foam the polymer with very small, uniformly mspersed
air-filled pores.

Polymeric foams are well known in the art. One prior art
process of making polymeric foams involves dispersing
thermally decomposable particles in the monomer reaction
mixture. The mixture is then heated to cause simultaneous
(i) polymerization and (ii) thermal decomposition of the
particles to form a gas. The gas expands in the reacting

monomer mixture to form large pores in the final polymer

product. Unfortunately, the process results in large and
ponuniform pore sizes throughout the polymer bulk.

It is therefore an object of the present invention to provide
an improved process for making a foamed polymer suitable
for use in electronic devices.

Other objects and advantages will become apparent from

the following disclosure.

SUMMARY OF THE INVENTION

The present invention relates to a process for forming a
foamed polymer. The process involves (a) dispersing ther-
mally degradable solid particles in polymer precursor; (b)
polymerizing the polymer precursor to form a rigid, solid
polymer without degrading the particles; and (c¢) heating the
polymer to degrade the particles and form the polymer foam
without expansion of the polymer. The size of the pores
formed in the polymer product are substantially the same
size (dimension) as the size of the degraded particles used in
the reaction mixture. Preferably, the process relates to form-
ing foamed clastomeric polymers such as polysiloxane. The
foamed polymer made by the process of the invention has
uniformly dispersed pores with uniform pore sizes prefer-
ably from about 1 to 10 microns.

A more thorough disclosure of the present invention is
presented in the detailed description.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a process for forming a
foamed polymer. Preferably, the process involves three
steps. The first step involves dispersing thermally degrad-
able particles, preferably polymer particles, in the polymer
precursor. The particles can be dispersed in the polymer
precursor by art known methods such as three roll mill or
planetary mixers. Suitable polymer precursors include
monomers and oligomers. A variety of foamed polymers can
be made by the process of the present invention.

A preferred polymer formed by the process 1s polysilox-
ane (e.g., polydimethyl-co-diphenyl siloxane) such as dis-
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Suitable thermally degradable particles are polymenc
particles such as polymethylmethacrylate (PMMA), poly-
styrene and poly(c-methyl-styrene). The particles suitably
have a size of about Y2 to 20 microns, preferably about 1 to
10 microns. Suitable PMMA particles can be prepared by
cobalt mediated dispersion polymerization of methyl meth-
acrylate in hexane with siloxane surfactant.

Additives may also be dispersed in the polymerization
reaction mixture such as fillers (e.g., inorganic fillers such as
zinc oxide) or the like.

The second step of the process of the present invention
involves polymerizing the precursors. Preferably, the pre-
cursors are crosslinked. Preferred precursors for polysilox-
ane are vinyl terminated siloxane oligomers. For polysilox-
ane foams, polymerization is suitably initiated by
hydrosilation with a platinum catalyst at a temperature of
about 60° to 200° C. which is below the thermal degradation
temperature of the thermally degradable particles. Polymer-
ization results in the formation of a rigid, crosslinked, solid
polysiloxane with the thermally degradable particles uni-

- formly dispersed throughout the polymer bulk.
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The third step of the process of the present invention
involves heating the crosslinked polymer to an elevated
temperature to degrade the thermally degradable particles
which are dispersed in the polymer bulk without degradation
of the polymer. The crosslinked polymer can be heated by
thermal (oven) heating or microwave heating. The heating
cause degradation of the solid particles to form a gas which
diffuses out of the polymer bulk without expansion of the
polymer and allows the pores to fill up with air.

The foamed polymer formed by the process of the present -
invention has uniformly distributed pores throughout the
bulk of the polymer on the order of 1-20 micron. Further, the
pore size can be adjusted (from submicron to 30 microns and
above) by varying the size of the thermally degradable

particles. The polymer has low stress, low dielectric

constant, improved toughness and improved compliance
during mechanical contacting to require less contact force
during compression. The polymer made by the process of

‘the present invention is suitable for use in electronic devices

including an integrated circuit chip test probe and pinless
connector for packaging.

The following examples are a detailed description of the
process of invention. The detailed description falls within
the scope of, and serves to exemplify, the more generally
described process set forth above. The examples are pre-
sented for illustrative purposes only, and are not intended as
a restriction on the scope of the invention.

EXAMPLE 1

Preparation of Thermally Degradably PMMA
Particles

- Poly(methyl methacrylate) particles were formed via a
dispersion polymerization method. In this synthetic

-approach, the starting materials, monomers, surfactant, etc.,

are miscible in the solvent. However, the solvent is a
nonsolvent for the polymer and, upon formation the small
polymer particles precipitate out of the solvent. Methyl
methacrylate (20 g); 5, 10, 15, 20-tetraphenyl-21H, 23H-
porphine cobalt (II); AIBN (radical initiator (0.2 g), and
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hexane (300 mL) were charged into a flask. The reaction was
heated to 65° C. under rapid stirring. The resulting powder
was isolated by filtration and had a particle size of about 3
microns and a molecular weight of ~73,000 g/mol.

EXAMPLE 2

Preparation of Polysiloxane Foam

The PMMA powder (1 g) from example 1 was mixed in
with polydimethyl siloxane fluid (Sylgard 18L) with curing
agent (9 g) and cured 65° C. for 4 h, followed by a post cure
of 150° for 2 h. The decomposition of the PMMA was
accomplished by a post cure of 300° C. for (2 h) without
expansion of the polymer. The foam polymer had pore sizes
of about 3 microns.

Although this invention has been described with respect
to specific embodiments, the details thereof are not to be
construed as limitations for it will be apparent that various
embodiments, changes and modifications may be resorted to
without departing from the spirit and scope thereof, and it is
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understood that such equivalent embodiments are intended
to be included within the scope of the invention.

We claim:

1. A process for making a polysiloxane foam comprising

the steps of:

(a) dispersing thermally degradable polymer particles in
polysiloxane precursor;

(b) polymerizing the polysiloxane precursor to form rigid
polysiloxane without degrading the particles; and -

(c) heating the polysiloxane to degrade the particles
without expanding the polysiloxane and form the pol-
ysiloxane foam.

2. The process of claim 1 wherein step (b) the polysilox-

ane is crosslinked. |

3. The process of claim 1 wherein the particles are
comprised of polymethylmethacrylate.

4. The process of claim 3 wherein the polysiloxane foam
has a pore size of about 1 to 10 microns.
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